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Conclusions: Continuous intra-articular use of Hyalubrix in hip OA
affected patients showed to be effective even in the long-term. This
study shows how even at 18 months the use of Hyalubrix is effective in
maintaining the positive effects obtained after the very ﬁrst injection. This
has not only direct positive consequences, as the reduction in NSAID
consumption may also reduce the costs associated with managing the
disease and the costs associated with side-effects induced by NSAIDs.
263 A PATHOMECHANICAL STUDY OF POST-TRAUMATIC
OSTEOARTHRITIS: LINKING INTRA-ARTICULAR FRACTURE
INCONGRUITY TO CARTILAGE DEGENERATION
T.P. Thomas, D.D. Anderson, C.J. van Hofwegen, T.D. Brown,
J.L. Marsh. University of Iowa, Iowa City, IA, USA
Purpose: Residual incongruities following intra-articular fractures have
been associated with aberrant articular contact stress distributions, linked
indirectly to the onset of post-traumatic osteoarthritis (OA). The purpose
of this study was to improve current understanding of the relationship
between patterns of abnormal contact stress exposure and of cartilage
degeneration, using advanced image analysis techniques and patient-
speciﬁc ﬁnite element (FE) modeling.
Methods: Articular joint contact stresses following surgical fracture re-
duction were quantiﬁed using a validated patient-speciﬁc contact ﬁnite
element (FE) analysis. FE models were created from post-reduction CT
studies in a series of 11 tibial plafond fracture patients, including both
the fractured ankles and their intact contralaterals. The chronic contact
stress exposure over a simulated gait cycle was calculated as a metric
of degeneration propensity.
Cartilage outcome was evaluated from dual contrast multi-detector CTs
obtained six months and two years post injury, for six patients. The
contrast agent injected into the joints enabled segmentation of the sub-
chondral bone and cartilage surfaces by a senior orthopaedic resident.
Cartilage thickness was then calculated across the articulating surface
using purpose-written MATLAB code.
Registration of the post-op FE simulations to the two year cartilage
thickness maps was necessary for spatial comparison (performed using
Geomagic Studio software). This was accomplished by using metallic
screws implanted during surgical reduction as ﬁducial markers. The
registered cartilage thickness maps were quantitatively compared to the
FE-computed contact stress exposures.
Figure 1. These inferior views of a fractured tibia’s articular surface
illustrate the FE results (top) and cartilage thickness map (bottom).
Spatial registration enabled pixel-by-pixel correlation between contact
stress exposure and cartilage degeneration.
Results: Localized areas of cartilage thinning generally corresponded to
areas exposed to elevated contact stresses. Contact stress exposures of
2MPa-s or greater were associated with a focal loss of cartilage [Fig 2].
For these six patients, the percent reduction in cartilage volumes from
a pre-fractured state ranged from 11 to 81%. The most severely com-
minuted fractures experienced the greatest loss of cartilage, in addition
to having the greatest contact stresses as assessed by FE. The area of
cartilage loss ranged from 0 to 241mm2.
Conclusions: Clinical experience has shown that residual articular incon-
gruity is poorly tolerated and is a likely factor in the progression of joint
degeneration. FE modeling coupled with advanced imaging analysis tech-
niques is improving our understanding of the mechanopathology of PTOA.
The results from this study support an association between elevated
contact stress exposure and focal cartilage degeneration. No conclusive
statements relating aberrant contact stresses to cartilage thinning can yet
be made from the limited number of patients included. However, there is
a clear spatial connection between large stress exposures over small and
large regions, and focal areas with cartilage degeneration for this series
of patients. Restoration of normal subchondral anatomy may decrease
cartilage loss and slow the development of post-traumatic osteoarthritis.
Financial support was provided by grants from the National Institutes of
Health (AR46601, AR55533, and AR48939), The AO Research Fund and
The Orthopaedic Trauma Association.
Figure 2. Point-by-point comparisons between computed contact stress
exposure and cartilage thickness measures were made over the loaded
articular surface. Cartilage Thickness decreases as the exposure exceeds
2MPa-s.
264 CLINICAL AND RADIOGRAPHIC DETERMINANTS OF
RESPONSIVENESS TO INTRA-ARTICULAR HYALURONAN
INJECTION FOR KNEE OSTEOARTHRITIS
K. Briem, M.J. Axe, L. Snyder-Mackler. University of Delaware, Newark,
DE, USA
Purpose: Intra-articular (IA) injections of hyaluronic acid (HA) have been
shown to improve self-report measures in patients with knee osteoarthritis
(OA). Effects of HA injection on functional outcome measures for this
patient group is not well known and clinical experience leads us to
believe that not everyone beneﬁts from this treatment. Therefore, the
purpose of this study was to study the effects of HA injections on self-
report and functional measures in patients with knee OA and to identify
clinical and/or radiographic characteristics of those likely to respond to
HA injections.
Methods: Forty-eight subjects were recruited and tested prior to, and
no later than 3 weeks following the last of 5 weekly injections. Knee
function was assessed with knee speciﬁc questionnaires (Knee Outcome
Survey (KOS) and Knee OA Outcome Score (KOOS)), a six minute walk
(6MW), a stair climbing task (SCT), as well as knee range of motion
(ROM) and Quadriceps strength measures. A set of ‘a priori’ deﬁned
criteria were used to identify responders (R) and non-responders (NR).
Available radiographs were graded by a single physician according to the
Kellgren-Lawrence (KL) scale.
Results: On average, self-report scores improved signiﬁcantly following
treatment, as did measures for the SMW and SCT, ROM and muscle
performance. Twenty subjects were classiﬁed as non-responders (NR),
whereas 28 subjects, responders (R), improved markedly. Not only did
R improve in self reported function, but in muscle performance, knee
ROM, 6MW and SCT tests, whereas NR gained distance walked during
the 6MW. Furthermore, R consistently improved performance of both the
6MW and the SCT, while the correlation did not hold true in the NR group.
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Responders had a 6 degree greater mean ﬂexion ROM of the involved
knee prior to treatment compared to NR, but other measures were similar
between groups at baseline. Forty subjects had radiographs available
of which 24 had predominantly medial knee OA and were analyzed
speciﬁcally with respect to severity of KL grade and outcome. Those with
more severe OA (KL grades 3 and 4) had less knee ROM than those with
moderate OA (KL grade 2) and experienced smaller gains in self report
and functional test scores than those with moderate OA. Patients with a
less severe KL grade had a positive correlation between changes across
all self-report scores, functional tests and knee ROM, whereas no such
relationship was found in those with greater KL grade level.
Conclusions: Self-report and functional test scores improved on average
following IA injections of HA, but a large number of patients did not
improve their scores. Although they did not achieve gains that self-report
questionnaires are sensitive to, some patients nonetheless demonstrated
better function with tasks such as scaling stairs and ambulation, as evi-
dent in the results of this study. Thus, questionnaires may not be sensitive
to improvements that are captured during functional tests. Decline of
knee joint mobility as OA progresses was reﬂected in the differences
seen in ROM between those with moderate vs. severe medial knee OA.
Patients with greater knee joint ROM and less severe OA demonstrated
consistent improvement across self-report scores and functional tests.
Responders had signiﬁcantly greater knee joint mobility at baseline,
further indicating that those with good knee joint ROM will likely respond
positively to IA injections of HA. Patients whose self perceived function
remains unchanged with treatment may still beneﬁt in cases of severe
knee OA, where the primary goal is to maintain the functional level of the
patient while delaying the need for total knee arthroplasty (TKA).
Mean (SD) pre- to post-HA scores.
R (n = 28) NR (n = 20) Between grp Sig. All (n = 48)
Pre-KOS (%) 58.3±14.2 66.0±12.9 p = 0.060 61.5±14.1
Post-KOS (%) 78.8±13.1* 68.1±12.8 p = 0.007 74.3±13.9*
Pre-knee ﬂexion (º) 138.0±7.3 131.7±8.8 p = 0.025 134.6±9.0
Post-knee ﬂexion (º) 140.9±8.5† 133.4±7.3 p = 0.003 137.4±9.5‡
Pre-SCT (sec) 10.7±4.1 10.3±3.5 p = 0.736 10.4±3.8
Post-SCT (sec) 9.1±3.3‡ 9.5±2.4 p = 0.639 9.3±2.9*
Pre-6MW (feet) 1877.9±256.5 1802.2±249.0 p = 0.313 1846.3±253.5
Post-6MW (feet) 2014.9±242.5* 1902.3±246.6* p = 0.122 1968.0±248.0*
265 NOVEL NANO-COMPOSITE BIOMATERIAL FOR
OSTEOCHONDRAL TISSUE ENGINEERING: PILOT CLINICAL
STUDY
E. Kon Sr1, M. Delcogliano Sr.1, G. Filardo Sr.1, S. Zaffagnini Sr.1,
D. Pressato Sr.2, E. Arcangeli Jr.2, B. Parma Sr.3, M. Marcacci Sr.1.
1Rizzoli Orthopaedic Institute, Bologna, ITALY , 2Fin-ceramica S.p.a,
Faenza, ITALY, 3Opocrin S.p.A., Corlo di Formigine (Modena), ITALY
Purpose: Osteochondral articular defects represent a key concern in
orthopedic surgery. Current surgical techniques to repair osteochondral
defects lead to poor subchondral bone regeneration and ﬁbrocartilage
formation, often associated with joint pain and stiffness. The objective
of this pilot clinical study was to test safety and performance of a newly
developed type-I collagen-hydroxyapatite (HA) nanostructural bio-mimetic
osteochondral (O.C.) scaffold which reproduces cartilage-subchondral
bone morphology.
Methods: A gradient composite O.C. scaffold, based on type-I collagen-
HA, was obtained by nucleating collagen ﬁbrils with hydroxyapatite
nanoparticles at physiological conditions. After a preclinical animal study
in sheep that gave us promising results, we performed the pilot clinical
study. 30 cases (9F, 21M, mean age 29.3 years) with knee osteochondral
lesions (8 medial femoral condyle, 5 lateral condyle, 12 patella, 8 femoral
troclea) were treated with scaffold implantation from January 2007 to
July 2007. The lesions size went from 2 cm2 to 6 cm2. All patients
achieved minimum 1 year follow up and were clinically evaluated using
the International Repair Cartilage Society score. MRI evaluation was
performed in all patients and evaluated with MOCART score. In 4 cases
second look arthroscopy was performed at 6 months.
Results: IKDC objective score improved after 1 year showing a normal or
nearly normal knee in 80% of patients at 1 year of follow up. Similar results
were obtained with the IKDC subjective score and with Tegner score.
Cases with previous surgery had the worst results, while associated
surgery doesn’t inﬂuenced signiﬁcantly the clinical outcome. 1 case failed
and were reoperated.
MRI evaluation demonstrated good bone and cartilage formation and only
in the failed case no integration of the graft was found. Second look
showed good coverage and integration of the graft in patients with good
clinical outcome, while deterioration of cartilage with delamination from
the subchondral bone was observed in the failed case.
Conclusions: This open one-step surgery was used for treatment of big
osteochondral defects. The results of this technique at short follow-up are
encouraging. Better results can be obtained in young patients with no
previous surgery. A clinical study with a longer follow up and randomized
studies are due to conﬁrm the high potential of this novel O.C. scaffold.
266 FRESH BIPOLAR OSTEOCHONDRAL ALLOGRAFT OF THE
ANKLE: CLINICAL AND HISTOLOGICAL RESULTS
S. Giannini, R. Buda, F. Vannini, R. Bevoni, F. Di Caprio, G. Desando,
B. Grigolo. University of Bologna, Bologna, ITALY
Purpose: Surgical treatment of severe post-traumatic arthritis in the
young and active patients typically relies on arthrodesis and arthroplasty.
Inevitable drawbacks are the loss of ankle movement in the arthrodesis,
and the loosening of joint arthroplasty. Fresh osteochondral allografts
would provide viable cartilage that can survive transplantation and bone
which will be replaced by host over time. The purpose of this study is to
describe an original surgical technique for the Fresh Bipolar Osteochon-
dral Allograft (FBOA) in the ankle joint and to determine the mid-term
clinical and histological results.
Methods: 20 patients with a mean age 37.9±9.7 years affected by post-
traumatic unilateral ankle arthritis received FBOA of the ankle. Allograft
match was permitted through CT scan and X-Rays. Patients evaluation
was carried out clinically by AOFAS and radiographically by X-Rays, CT
scans and MRI. An osteochondral biopsy was performed in 7 patients
during hardware removal at 12−15 months follow-up.
Results: The mean pre-operative AOFAS score was 32.7±13.2. After
a minimum follow-up of 24 months (mean 27.8±4.8 months) it was
71.3±15.3 (p< 0.005). Two medial malleolar fracture and 1 graft malposi-
tioning occurred as intraoperative complications. Post-operative complica-
tions were one graft collapse due to early non authorized weight bearing,
one external malleolar fracture and one graft collapse in malpositioning.
Two of the cases underwent an ankle arthrodesis while in the third
a revision was performed. Furthermore one case was fused due to
recurrent pain and swelling in clinical failure.
75% of the patients were satisﬁed with the results and demonstrated
good radiographical consolidation at 6 months of follow up. A mild to
severe arthritis was radiographically observed in all the patients at the
ﬁnal follow-up, although unrelated to pain.
The viability of chondrocytes was conﬁrmed by MTT test on the biopsies.
The histological evaluations demonstrated cartilage tissue similar to hya-
line cartilage with a normal collagenic component but low proteoglycan
presence and a more disorganized structure. Moreover, the samples
were positive for catabolic factors as MMP-1, MMP-13 and caspase-3
but negative for i-NOS. No correlation with clinical results were observed.
Conclusions: The technique described allows a precise and reproducible
procedure with the possibility of modular cuts. Nevertheless unknown
factors still have an inﬂuence on allografting outcome. High incidence of
radiographic arthritis at follow-up, also in ankles with a correct positioning
and size of the graft, even if uncorrelated to the clinical results, still remain
cause of concern.
The histological ﬁndings gave evidences, in all the patients evaluated,
of cartilage tissue which present all the component of the extracellular
matrix. However, the tissues showed some features referring to arthritis as
evidentiated by the positivity of some catabolic markers as MMP-1, MMP-
13 and caspase. These ﬁndings may be related either to the persistent
inﬂammatory joint environment or to a slow immunological reaction to
the allograft. Further research regarding the immunological behavior of
transplanted cartilage are needed in order to improve the results of
osteochondral allografting.
